Hibiscus mutabilis L. 'versicolor' MAKINO is grown as an ornamental plant for its large flowers which change color from ivory-white in the morning to light rose by noon and pink-red in the evening. The change of color is attributable to the absence of anthocyanin in the morning and the progressive development of color due to anthocyanin synthesis as the day passes. 1) Flavonoids, quercetin, kaempferol, isoquercitrin, hyperoside, quercetin 4Ј-glucoside, quercimeritrin, rutin, quercetin 3-sambubioside and guaijaverin have been isolated from this plant, 2, 3) but no medical uses have been described for this plant.
In our continuing search for allergy-preventive substances from natural sources 4) using our previously developed in vivo assay method to estimate complicated allergy, 5) we found that the methanol extracts of the petals of H. mutabilis 'versicolor' exhibited allergy-preventive activity. This in vivo assay method monitors a decrease in the blood flow at the tail vein of mice subjected to hen egg-white lysozyme (HEL) sensitization alone without the HEL-challenge, as a guide.
5) The blood flow of HEL-sensitized mice (control group) gradually and significantly decreased to about 70% of the blood flow of normal mice at day 9. Thus, the afferent (promotion) stage of allergy caused by xenobiotics can be dynamically and easily measured by using blood flow monitoring. This blood flow decrease is considered to be due to contraction of peripheral blood vessels and increase in blood viscosity, because no relationship with blood pressure was observed. Although anti-HEL IgE antibody significantly increased after HEL-sensitization, there was no significant increase in the number of leukocytes. Thus, the decrease of blood flow reflects the promoter process of an allergic reaction. The blood flow decrease is regulated by various factors such as nitric oxide (NO), thromboxane (TX) A 2 , prostacyclin (PGI 2 ) and endothelin (ET)-1 together with cyclooxygenase (COX)-1, 2, inducible nitric oxide synthase (iNOS), and constitutive nitric oxide synthase (cNOS). 5) Additionally, the blood flow decrease occurs via both pathways of iNOS-independent and -dependent response. 6) Therefore, this monitoring system should be useful for searching for preventive substances against complicated allergy involving NO, COX-1, 2, TXA 2 , ET-1 and PGI 2 . 5, 6) This paper describes the evaluation of the allergy-preventive effects of the methanol extracts (HM) of the petals of H. mutabilis 'versicolor' and isolated compounds from HM, and the structure of a new flavonoid glycoside, which we have named mutabiloside (1), together with four known compounds (2-5).
MATERIALS AND METHODS

General Experimental Procedures
Melting points were determined with a Yanagimoto micro melting point apparatus. IR spectra were recorded on a Shimadzu IR-435 spectrometer and UV absorption spectra with a Shimadzu UV-160A spectrometer. H-NMR (CD 3 OD, 500 MHz) and 13 C-NMR (CD 3 OD, 125 MHz) spectra were recorded with JEOL JNM-ECP 500 spectrometers (TMS as internal reference). FAB-MS were performed on a JMS-700 double-focusing spectrometer xenon atom having a kinetic energy equivalent to 6 kV at an ion-accelerating voltage of 3 kV. The mass marker was calibrated with perfluoroalkylphosphazine (ultra marker), and 3-nitrobenzyl alcohol (NBA) and glycerin (GLY) were used as the matrix. Plant Material The petals of H. mutabilis 'versicolor' were collected at the medicinal botanical garden in Mukogawa Women's University in October 2005, and identified by Dr. M. Iinuma, Gifu Pharmaceutical University, Gifu Japan. A voucher specimen is kept in our university medical plant garden.
Extraction and Isolation Fresh petals (1.7 kg) of H. mutabilis 'versicolor' were extracted with MeOH at room temperature, and evaporated in vacuo to obtain MeOH ex-tracts (HM; 49 g). HM 43 g was subjected to chromatography on a silica gel column using a CHCl 3 -MeOH (12 : 1-0 : 1) step-gradient system to obtain nine fractions (Fr. I-IX).
Fraction IV (6.3 g) eluted by CHCl 3 -MeOH (6 : 1-4 : 1) was subjected to polyamide column chromatography using H 2 O and EtOH as eluents. The fraction eluted by EtOH was subjected to silica gel flash chromatography using a CHCl 3 -MeOH-H 2 O (7 : 3 : 0.5) to give three fractions (Fr. IVaIVc). Crude crystals obtained from Fr. IVa was recrystallized from MeOH-H 2 O to afford hyperoside (5: 4.5 mg, yellow needles, mp 254°C). Fr. IVb was subjected to Sephadex LH-20 column chromatography using MeOH to obtain
Fr. VI eluted by CHCl 3 -MeOH (4 : 1-1 : 1) was dissolved in H 2 O and partitioned with n-BuOH to remove sugar. The nBuOH extract (3.0 g) was chromatographed on silica gel using an AcOEt-MeOH (12 : 1 and 10 : 1) step-gradient to obtain four fractions (Fr. VIa-VId). Fr. VIa (impure crystal: 51 mg) was subjected to recrystallization from MeOH-H 2 O to afford quercetin [4: 7 mg, yellow needles (MeOH), mp 314°C (dec.)]. Fr. VIc eluted by AcOEt-MeOH (10 : 1) was subjected to flash chromatography using a CHCl 3 -MeOH-
. Fr. VII eluted by CHCl 3 -MeOH (1 : 1) was subjected to flash chromatography using a CHCl 3 -MeOH-H 2 O (7 : 3 : 0.5) followed by Sephadex LH-20 with MeOH to afford new compound (1: 4.4 mg, yellow powder). For the bioassay, fresh petals (0.7 kg) of H. mutabilis 'versicolor' were extracted with MeOH to obtain 1 from the MeOH extract (Hm; 28 g). Hm dissolved in water was extracted with AcOEt. H 2 O-soluble extract (25 g) of Hm was subjected to polyamide column chromatography using H 2 O, EtOH and acetone as eluents. The fraction eluted by EtOH was flash chromatographed repeatedly on silica gel using a CHCl 3 -MeOH-H 2 O (6 : 4 : 1) followed by Sephadex LH-20 with MeOH to afford 1 (9.3 mg).
Mutabiloside (1) Animals Male ddY mice (SPF grade), 5 weeks old, were obtained from Japan SLC (Shizuoka, Japan) and housed at 24°C. Food and water were available ad libitum. All animal experiments were performed in accordance with the Guidelines for Animal Experiments of Mukogawa Women's University.
HEL Sensitization Immunization with HEL was performed as previously described 5) with slight modification. Male ddY mice of 5 weeks of age were sensitized interperitoneally with 50 mg of HEL in 50% complete Freund's adjuvant (DIFCO) on day 0.
In Vivo Assay Method for Allergy Preventive Substances Subcutaneous blood flow in the mouse tail was monitored using a contact-type laser doppler blood flow meter (FLO-C1 Neuroscience Inc., Tokyo, Japan) as previously described. 5) Each mouse was pre-warmed for 10 min at 36°C prior to the experiment and placed on a holder in a measuring chamber kept at 36°C throughout the measurement. The normal blood flow was measured for 10 min at 1 d before the experiment. The blood flow of each mouse was measured for 10 min without anesthesia. The results were expressed as the meanϮS.E. of the percent of the normal blood flow of each mouse (nϭ3 or 5).
Allergy-Preventive Effects Each of HM (200 mg/kg) and compound (20 mg/kg) was dissolved in water and was administered (10 ml test solution/g body weight) orally to HEL-sensitized mice at 0 (the start day; 1 h before sensitization), 3, 6 and 9 d. None of the reagents affected the blood flow. The measurements of blood flow were carried out every day for 9 d. The statistical calculations were determined in comparison with the HEL-sensitized mice (control group).
Platelet Aggregation The platelet aggregation of whole blood induced by ADP (8 mM) was measured with a whole blood aggregometer (WBA) analyzer (MC Medical Co., Ltd., Tokyo, Japan) using a screen filtration pressure (SFP) method. The whole blood was obtained from each anesthetized mouse with diethyl ether on day 9. The samples were anticoagulated with 3.8% sodium citrate and then left standing for 30 min at room temperature for stable aggregation. The results are expressed as the meanϮS.E. of the cohesion rate for the control and pretreatment with test compounds (nϭ3 or 5).
Statistical Analysis Two-way analysis of variance (ANOVA) was used to test for statistical differences. When significant differences (pϽ0.05) were identified, the data were further analyzed by Dunnett's multiple range test with Bonferroni inequality for significant differences between each test group and the control group.
RESULTS AND DISCUSSION
Fresh petals of H. mutabilis 'versicolor' were subjected to extraction with methanol. Five flavonol compounds (1-5) were isolated from the methanol extract (HM) by repeated chromatography followed by recrystallization as described in Materials and Methods.
Mutabiloside (1) was a yellow powder, mp Ͼ300°C and its HR-FAB-MS (positive) showed a [MϩH] ϩ ion at m/z 743.2042, which established the molecular formula of C 32 H 38 O 20 . The IR spectrum suggested the presence of hydrogen-bonded hydroxy groups (3500-3200 cm
Ϫ1
, broad) and conjugated carbonyl groups (1650 cm Ϫ1 ). The UV spectrum showed the characteristic absorption bands of 3-O-substituted flavonol at l max values 257, 358 nm. 7) Hydrolysis of 1 with 2.0 M aqueous HCl yielded quercetin, D-galactose, D-xylose and L-rhamnose, which were identified by TLC and HPLC analysis. The 1 H-NMR spectrum showed the presence of a typical ABX spin system at d 6.88, 7.64 and 7.72 and AB spin system at d 6.20 and 6.39, which correspond to the quercetin skeleton, 8) and three anomeric protons of the sugar moieties at (2), except for extra rhamnosyl moiety. 9) The sugar proton resonances were as-signed based on the 1 H-1 H COSY spectrum, and the 13 C-NMR data were assigned from the 13 
C-
1 H COSY spectrum ( Table 1) Table 1) .
The configurations of anomeric carbons of the galactose, xylose and rhamnose were determined as b, b and a respectively, based on J values in the 1 H-NMR spectrum and chemical shift values of anomeric carbon in 13 C-NMR.
10) The aconfigurations of rhamnose was additionally supported from which significant downfield shift of C-3 and C-5 of rhamnose were observed 11) and consistent with chemical shift of another a-rhamnoglycosides. 12, 13) Thus, the structure of the new compound 1, named mutabiloside, was determined to
The structures of another known compounds 2, 3, 4 and 5 were identified as quercetin (4) 14) and quercetin 3-O-b-D-galactopyranoside (hyperoside) (5), 2, 14) respectively, by comparison of their physical and spectroscopic [IR , UV , 1 H-and 13 C-NMR, HMBC (Table 1) and MS] data with their literature values. Compounds 2 and 3 were isolated for the first time from this plant. Compound 2 has been isolated from several plant sources, [15] [16] [17] [18] however there are few reports about its bioactivity. 3 has been also isolated from several plant sources, [16] [17] [18] and has been shown to stimulate feeding in the monophagous P. armoraciae.
19)
The Allergy-Preventive Effects HM and the isolated compounds 1, 2 and 4, which were obtained in sufficient amounts, were measured using our developed in vivo assay method reported previously. 5) The blood flow at the tail vein of HEL-sensitized mice (control group) gradually and significantly decreased to 75-80% of the blood flow of normal mice at day 9. On the other, the oral administration ( p.o.) of HM (200 mg/kg) significantly ( pϽ0.05) improved the HELinduced blood flow decrease, compared with the control group after day 7 of HEL-sensitization as shown in Fig. 2 .
Mutabiloside (1) and 2 (20 mg/kg, p.o.) also significantly (pϽ0.05) improved the blood flow decrease in a similar manner (Fig. 3A) . The activity of these compounds are almost equal to allergy-or blood flow-related clinically effective reagents such as disodium cromoglycate (DSCG: 10 mg/kg, i.v.), NS398 (3 mg/kg, i.p.), Ozagrel (300 mg/kg, p.o.), Flubiprofen (10 mg/kg, p.o.) and L-NAME (10 mg/kg, i.p.).
5)
The present data confirm an allergy-preventive activity of these compounds for the first time. No effect was observed for quercetin (4) (Fig. 3B) . Thus, combining present data, sugar moiety of flavonol could play an important role in an allergy. Furthermore, compound 2 is regarded as an active substance, since compound 2 is a major constituent of the HM extract.
Our previous paper reported that flavanones from the resin of Xanthorrhoea hastilis inhibited platelet aggregation, corresponding to the effect on the blood flow decrease. 20) However, flavonol derivatives 1-5 did not inhibit the platelet aggregation (data not shown). These findings suggest that the inhibition mechanism of blood flow decrease of the flavonol glycosides differ from that of flavanones. Details of the mode of action of HM and the isolated compounds are under investigation.
In the present study, we identified the allergy preventive compounds 1 and 2 from H. mutabilis 'versicolor' using an animal model. Our results suggest that this plant could be useful for preventing comlpicated allergy development. Vol. 32, No. 3 
